A future linear collider will address several important issues. One topic of particular interest is the mechanism of electroweak-symmetry breaking. First it is necessary to establish the existence or non-existence of a light physical Higgs boson, and if such a particle exists it is necessary to compare its properties to the predictions of the Standard Model (SM). Because the massive vector bosons obtain their masses via the symmetry-breaking mechanism, a study of the Higgs sector is related to the study of the properties of massive gauge bosons. This talk is primarily concerned with the latter, particularly through the study of the process e + e − → W + W − .
energies only through quantum corrections. These quantum corrections may be described by effective operators which are constructed from the fields of the low-energy theory; the coefficients of these operators may be measured via experiment, but a theoretical determination is only possible once the complete theory is known. has been removed by a formal integration. In either realization seven CP conserving operators contribute to the process e + e − → W + W − . However, a subset of these is already constrained by the low-energy and Z-pole data, hence the available parameter-space is manageable.
I. THE LINEAR REPRESENTATION AND ENERGY-DIMENSION-SIX

OPERATORS
If the scale of new physics, Λ, is large compared to the vacuum expectation value (vev) of the the Higgs field, v = 246.22GeV, then the effective Lagrangian may be expressed as the SM Lagrangian plus terms with energy dimension greater than four suppressed by inverse powers of Λ, i.e.
(1.1)
The energy dimension of each operator is denoted by n, and the index i sums over all operators of the given energy dimension. The coefficients f (n) i are free parameters.
In this section we assume that the low-energy theory, i.e.the SM, contains a light physical scalar Higgs particle which is the remnant of a complex Higgs-doublet field. We assume that the couplings of the new physics to fermions are suppressed, and we only consider operators which conserve CP. Upon restricting the analysis to operators not exceeding energydimension six we find that twelve operators form a basis set; all are dimension-six and separately conserve C and P [1] . They are summarized in Table I . For convenience when defining the normalizations of the individual operators we use the 'hatted' field strength tensors defined according to
Combining the twelve operators of Table I with Eqn. (1.1) completes the construction of the effective Lagrangian in the linear representation.
Also in Table I 
Electromagnetic gauge invariance requires that ∆g γ 1 should vanish for on-shell photons, in apparent contradiction with (1.3a); the apparent contradiction will be resolved when all effects are included. The contribution of an operator to a particular vertex is denoted by an 'X' . In some cases an operator naively contributes to a vertex, yet that contribution does not lead to observable effects.
In such cases the 'X' is replaced by an 'O' .
Naively one would expect contributions to ( It is possible that there is no physical Higgs boson, and the mechanism of spontaneous symmetry breaking is not part of the SM, but a part of its extension. In such a scenario the full Lagrangian may be written as
In contrast to the linearly realized Lagrangian (1.1), the leading correction terms in the chiral Lagrangian are not suppressed by inverse powers of some high scale.
In order to proceed it is convenient to introduce some additional notation. The chargeconjugate Higgs field may be written
The arrows indicate the unitary-gauge expression. In the notation of Appelquist and Wu [3] we present a list of chiral operators through energy-dimension four which conserve CP.
There are twelve such operators given by
The last operator, L 11 , violates parity, P. The operators are summarised in Table II, which employs the same format as Table I . Additionally Table II pairs each chiral operator with its linearly realized counterpart, four of which appear in Sec. I. The remainder, which occur at the energy-dimension-eight, -ten and -twelve level may be found elsewhere [4] .
Three of the chiral operators, L hence, in contrast to the linear realization, no contribution will be made via the W-boson wave-function-renormalization factor, and the t-channel terms are not modified.
In total six of the operators,
, L 9 and L 11 , contribute directly to threegauge-boson vertices. The non-zero corrections are ∆g Z,nl
Notice that here, unlike Eqn. (1.3a) , ∆g γ,nl 1,direct is trivially zero. Furthermore notice that ∆λ nl γ,direct and ∆λ nl Z,direct are identically zero; these couplings are associated with energydimension-six operators, which are higher order corrections in the present scheme.
III. FOUR-FERMION PROCESSES
First we present the contributions of the linearly realized operators of Table I to the oblique parameters. Due to the presence of (q 2 ) 2 terms in the gauge-boson two-point- functions the original derivative-based definitions of S, T and U [5] are not convenient. A more appropriate scheme for present purposes is where the derivative is replaced by a finite difference [6] of the form
where S = S SM + ∆S, T = T SM + ∆T and U = U SM + ∆U. Because the f Φ,1 and f Φ,4
contributions to the two-point functions are independent of q 2 they may contribute only to T . The f Φ,4 contributions exactly cancel, as was 'predicted' during the discussion of Table I .
The (q 2 ) 2 terms in the two-point functions also lead to a non-standard running of the SM charge form-factors. The combination of S, T and U with the non-standard running leads to the convenient expressions
The 'hatted' couplings satisfy the tree-level relationshipsê ≡ĝŝ ≡ĝ Zŝĉ andê 2 ≡ 4πα.
The calculations may be repeated for the non-linear representation. In this case the dependence on q 2 is at most linear, hence there is no non-standard running of the charge form-factors. The oblique parameters are given by
which agrees with [3] . The contributions to the charge form-factors may be written
The low-energy data severely constrain those parameters of the chiral Lagrangian which contribute to S, T and U; these constraints may be improved via improved measurements at low energies. The corresponding parameters of the linearly realized Lagrangian are less stringently constrained at present. However, because some of their contributions to observables are enhanced by higher powers of q 2 these constraints may be expected to improve significantly at LEP2 and beyond [2] .
The most general amplitude for e + e − → W + W − , depicted in Figure 1 may be written
The process ee → W + W − with momentum and helicity assignments. All momenta are defined flowing to the right. In the massless-electron limit τ = −τ .
where all dynamical information is contained in the scalar form-factors , to be completely general.
One possible choice is
where P = p −p and K = k −k. This completely determines the kinematics, hence we focus on the form factors F i,τ (s, t).
We include only the tree-level contributions of the effective Lagrangians from Sec. I
and Sec. II. If we choose the renormalization conditionsŝ 2 =s 2 (q 2 ) andê 2 =ē 2 (q 2 ) the expressions for the F i,τ (s, t) are somewhat simplified. We write
3)
The amplitudes for e + e − → W + W − are completely determined once the lower-case formfactors, f X i , are specified. The results for the SM, which are particularly simple, may be found in Table III These values guarantee the gauge cancellations which prevent unitarity violations in amplitudes which involve one or more longitudinally polarized W boson.
We may calculate the form-factors with effective-Lagrangian contributions. In general we expect results that will spoil the gauge cancellations of the SM. The non-zero form-factors in the linear representation, for the photonic contributions, may be written
where ∆ē 2 (q 2 ) is obtained from (3.3a). For the Z-boson
The above contributions in general violate the gauge cancellations of the SM. There is not sufficient space for a detailed discussion. Notice, however, that the results are consistent with electromagnetic gauge invariance. We may calculate g
, and we anticipate that the result should be g 
V. CONCLUSIONS
I have discussed a general analysis of the process e + e − → W + W − which introduces nine form-factors, F i,τ (s, t). These form-factors are completely general, hence they are sufficient to include SM radiative corrections, corrections within an extended theory or the contributions of an effective Lagrangian. Because LEP2 experiments will not be sufficiently sensitive to observe the SM radiative corrections to this process we focus on the scenario where nonstandard contributions are large and SM corrections may be neglected. Eventually it will be necessary to include both in one analysis, particularly when we consider a future linear collider.
Including only the non-standard contributions which arise with either the linearly realized or the chiral Lagrangian it is possible to present simplified expressions for the F i,τ (s, t); explicit expressions have been presented. In either scenario seven operators contribute to the process e + e − → W + W − . However, a subset of these operators is already constrained by low-energy data and experiments at LEP. For the chiral Lagrangian three are severely constrained, hence only four may contribute appreciably to W-pair production. In the linearrealization four are currently constrained, albeit somewhat less stringently. However, due to contributions to the oblique parameters which grow with q 2 , the constraints on these four will become much more restrictive at LEP2 or a future linear collider, hence only three may contribute appreciably to e + e − → W + W − amplitudes.
